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FIG.25

VIDEO SOUND

5 NUMBER OF CHANNELS NUMBER OF CHANNELS
(e.qg., 2D to 3D) (e.g., 2ch to 1ch)

PARAMETER| CRITERIA WHEN INCREASING [CRITERIA WHEN DECREASING
SET QUALITY OF PARAMETER SET |QUALITY OF PARAMETER SET

A (HIGH QUALITY)
1 3.5 Mbps OR MORE | LESS THAN 3.0 Mbps
CONTINUES FOR CERTAIN CONTINUES FOR CERTAIN
TIME PERIOD TIME PERIOD

I 1.5 Mbps OR MORE | LESS THAN 1.0 Mbps
CONTINUES FOR CERTAIN CONTINUES FOR CERTAIN
TIME PERIOD TIME PERIOD

1 768 Kbps OR MORE | LESS THAN 512 Kbps
CONTINUES FOR CERTAIN | CONTINUES FOR CERTAIN
TIME PERIOD TIME PERIOD

D (LOW QUALITY)
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FIG.27
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DISTRIBUTION CONTROL, METHOD AND
SYSTEM FOR CHANGING A PARAMETER
OF REPRODUCTION QUALITY AT A
COMMUNICATION TERMINAL BASED ON
THE RECEIVED TRANSMISSION DELAY
TIME INFORMATION

CROSS-REFERENCE TO RELAT
APPLICATIONS

s
»

The present application claims priority to and incorporates

by reference the entire contents of Japanese Patent Applica-

tion No. 2013-054413 filed 1n Japan on Mar. 15, 2013; Japa-
nese Patent Application No. 2013-206406 filed 1n Japan on

Oct. 1, 2013; Japanese Patent Application No. 2014-004186
filed 1n Japan on Jan. 14, 2014; and Japanese Patent Applica-
tion No. 2014-031507 filed 1n Japan on Feb. 21, 2014.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a distribution control sys-
tem, a distribution control method, and a computer-readable
storage medium.

2. Description of the Related Art

With the recent widespread use of the Internet, cloud com-
puting has been used 1n various fields. The cloud computing
1S a service usage pattern i which users use services (cloud
services) provided by a server on the Internet using a com-
munication terminal connected to the Internet and pay there-
for.

Web content carried on the Internet tends to be enriched for
the purpose of responding to various demands. As a result,
when using the enriched content using a communication ter-
minal for using services through the Internet, there 1s a prob-
lem 1n that a load on the communication terminal 1s unfavor-
ably high.

As a technology for reducing loads on communication
terminals, there 1s a technology called thin client (see Japa-
nese Patent Application Laid-open No. 2007-221229).
Through this thin client technology, various applications can
be performed on communication terminals 1n a web-based
manner using an Internet environment.

However, even when using the thin client technology, when
the enrichment of content progresses or a communication

channel such as the Internet becomes congested, too much
time 1s taken for the data of the above content or the like
transmitted from a server to a communication terminal to
reach the communication terminal, thereby causing a prob-
lem 1n that 1t 1s impossible to smoothly reproduce the data on
the communication terminal.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to at least partially
solve the problems 1n the conventional technology.

According to an embodiment, there 1s provided a distribu-
tion control system for distributing data to a communication
terminal through a communication network. The distribution
control system includes a recerver configured to recerve, from
the communication terminal, transmission delay time nfor-
mation indicating transmission delay time from when the data
1s distributed by the distribution control system to when the
data 1s recerved by the communication terminal; and a chang-
ing unit configured to change, based on the transmission
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2

delay time information received by the receiver, a parameter
of reproduction quality when the data 1s reproduced by the
communication terminal.

According to another embodiment, there 1s provided a
distribution control method executed by a distribution control
system for distributing data to a communication terminal
through a communication network. The distribution control
method includes recerving, from the communication termi-
nal, transmission delay time information indicating transmis-
sion delay time from when the data i1s distributed by the
distribution control system to when the data 1s recerved by the
communication terminal; and changing, based on the trans-
mission delay time mformation received at the receiving, a
parameter of reproduction quality when the data 1s repro-
duced by the communication terminal.

According to still another embodiment, there 1s provided a
non-transitory computer-readable storage medium with an
executable program stored thereon and executed by a com-
puter, wherein the program 1nstructs the computer to perform
the distribution control method according to the above
embodiment.

According to still another embodiment, there 1s provided a
distribution control system for distributing data to a commu-
nication terminal through a communication network. The
distribution control system 1ncludes a receiver configured to
recelve, from the communication terminal, time from when
the data 1s distributed by the distribution control system to
when the data 1s recerved by the communication terminal; and
a changing unit configured to change, based on the time
received by the recerver and a size of the data, operation of a
convertor configured to convert the data into data to be dis-
tributed.

The above and other objects, features, advantages and tech-
nical and industrial significance of this invention will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the invention,
when considered in connection with the accompanying draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of a distribution system
according to an embodiment;

FIG. 2 15 a conceptual view when a dongle 1s attached to a
communication terminal;

FIG. 3 1s a conceptual diagram 1llustrating a basic distri-
bution method;

FIG. 4 1s a conceptual diagram of multicast;

FIG. 35 1s a conceptual diagram of multidisplay;

FIG. 6 1s a conceptual diagram of composite distribution
using a plurality of communication terminals through a dis-
tribution control system;

FIG. 7 1s a hardware configuration diagram of a distribu-
tion control system, a communication terminal, a terminal
management system, and a web server;

FIG. 8 1s a hardware configuration diagram of the dongle;

FIG. 9 1s a functional block diagram illustrating mainly the
functions of the distribution control system;

FIG. 10 1s a functional block diagram 1illustrating mainly
the functions of the communication terminal;

FIG. 11 1s a functional block diagram 1llustrating the func-
tions of the terminal management system:;

FIG. 12 1s a conceptual view of a distribution destination
selection menu screen;

FIG. 13 1s a conceptual view of a terminal management
table:
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FIG. 14 1s a conceptual view of an available terminal man-
agement table;

FIG. 15 1s a detailed diagram of an encoder bridge unit;

FI1G. 16 1s a functional block diagram illustrating the func-
tions of a convertor;

FI1G. 17 1s a sequence diagram 1llustrating the basic distri-
bution processing of the distribution control system:;

FIG. 18 15 a sequence diagram 1llustrating communication
processing using a plurality of communication terminals
through the distribution control system:;

FIG. 191s a sequence diagram 1llustrating the processing of
time adjustment;

FI1G. 201s a sequence diagram 1llustrating the processing of
channel adaptive control on data transmitted from the distri-
bution control system to the communication terminal;

FI1G. 21 1s a sequence diagram 1llustrating the processing of
channel adaptive control on data transmitted from the com-
munication terminal to the distribution control system;

FI1G. 22 1s a sequence diagram 1llustrating the processing of
multidisplay;

FI1G. 23 1s a sequence diagram 1llustrating the processing of
multidisplay;

FI1G. 24 1s a sequence diagram 1llustrating the processing of
multidisplay;

FIG. 25 1s a view 1llustrating an example of parameters
included 1n a parameter set;

FIG. 26 1s a view for illustrating an example of critenia
when changing the quality of parameter sets; and

FI1G. 27 1s a view for illustrating changes of parameter sets
when the criteria 1n FIG. 26 are adopted.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Described below with reference to the accompanying
drawings 1s a distribution system 1 according to an embodi-
ment. Described below 1n detail 1s an mvention that causes
both a web browser (hereinafter represented as a “browser™)
and an encoder to execute 1n cooperation with each other on
a cloud using cloud computing and transmits video data,
sound data, and the like to communication terminals.

“Images” represented below include a still image and a
moving 1mage. “Videos” represented below basically mean
moving i1mages and also include moving i1mages that are
stopped to be still images. A case indicating at least either one
of a still image and a sound 1s represented as a “still image
(sound).” A case indicating at least either one of an 1image and
a sound 1s represented as an “1mage (sound).” A case indicat-
ing at least either one of video and a sound 1s represented as a
“video (sound).”

Outline of Embodiment

Described with reference to FIG. 1 1s an outline of an
embodiment according to the present invention. FIG. 1 1s a
schematic diagram of a distribution system according to the
present embodiment.

Outline of System Configuration

Described first 1s an outline of the configuration of the
distribution system 1.

Asillustrated in FI1G. 1, the distribution system 1 according
to the present embodiment 1s constructed by a distribution
control system 2, a plurality of communication terminals (5a
to 5/), a terminal management system 7, and a web server 8.
In the following, any communication terminal among the
communication terminals (3a to 5f) 1s represented as a “com-
munication terminal 5. The distribution control system 2, the
terminal management system 7, and the web server 8 are all
constructed by server computers.

10

15

20

25

30

35

40

45

50

55

60

65

4

The communication terminal 3 1s a terminal used by a user
who receives services of the distribution system 1. The com-
munication terminal 3a 1s a notebook personal computer
(PC). The communication terminal 55 1s a mobile terminal
such as a smartphone and a tablet terminal. The communica-
tion terminal 5¢ 1s a multifunction peripheral/printer/product
(MFF) 1n which the functions of copying, scanming, printing,
and faxing are combined. The communication terminal 54 1s
a projector. The communication terminal 5¢ 1s a TV (video)
coniference terminal having a camera, a microphone, and a
speaker. The commumnication terminal 3/ 1s an electronic
blackboard (whiteboard) capable of electronically converting
drawings drawn by a user or the like.

The communication terminal 5 1s not only such terminals
as 1llustrated 1n FIG. 1, but also may be devices communi-
cable through a communication network such as the Internet,
including a watch, a vending machine, a car navigation
device, a game machine, an air conditioner, a lighting fixture,
a camera alone, a microphone alone, and a speaker alone.

The distribution control system 2, the communication ter-
minal 5, the terminal management system 7, and the web
server 8 can communicate with each other through a commu-
nication network 9 such as the Internet and a local area net-
work (LAN). The communication network 9 icludes wire-
less communication networks such as 3rd Generation (3G),
Worldwide Interoperability for Microwave Access
(WiIMAX), and Long-Term Evolution (LTE).

The communication terminal 5, like the communication
terminal 54, may not have a function of communicating with
the other terminals and systems through the communication
network 9. However, as 1llustrated 1n FIG. 2, a user 1nserts a
dongle 99 into an interface of Umiversal Serial Bus (USB) or
High-Defimition Multimedia Interface (HDMI) of the com-
munication terminal 54, thereby allowing 1t to communicate
with the other terminals and systems. FIG. 2 1s a conceptual
view when the dongle 1s attached to the communication ter-
minal.

The distribution control system 2 has a browser 20 on a
cloud, and the function of rendering in the browser 20
acquires single or a plurality of pieces of content data
described 1n a certain description language and performs
rendering thereon, thereby generating frame data as still
image data such as bitmap data made up of red, green, and
blue (RGB) or sound data such as pulse code modulation
(PCM) data (1.¢., still image (sound) data). The content data 1s
data acquired from the web server 8, any communication
terminal, and the like and includes image (sound) data in
Hypertext Markup Language (HI'ML) and Cascading Style
Sheets (CSS), image (sound) data in MP4 (MPEG-4), sound
data in Advanced Audio Coding (AAC), and the like.

The distribution control system 2 has an encoding unit 19
on the cloud, and the encoding unit 19 plays a role as an
encoder, thereby converting pieces of frame data as pieces of
still image (sound) data into video (sound) data of the com-
pression coding system such as H.264 (MPEG-4 AVC),
H.265, and Motion JPEG.

The terminal management system 7 performs login authen-
tication on the communication terminal 5 and manages the
conftract information and the like of the communication ter-
minal 5. The terminal management system 7 has a function of
a Simple Mail Transier Protocol (SM'TP) server for transmiut-
ting e-mails. The terminal management system 7 can be
embodied as, for example, an imaginary machine developed
on a cloud service (IaaS: Infrastructure as a Service). It 1s
desirable that the terminal management system 7 be operated
in a multiplexed manner in order to address unexpected 1nci-
dents to perform continuous service provision.
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The browser 20 enables real-time communication/collabo-
ration (RTC). The distribution control system 2 has the encod-
ing unit 19 1n FIG. 16 described below, and the encoding unit
19 can perform real-time encoding on the frame data output
by the browser 20 and output video (sound) data generated
through conversion based on the H.264 standards or the like.
As a result, the processing of the distribution control system

2 1s different from, for example, a case in which non real-time
video (sound) data recorded 1n a DVD 1s read and distributed
by a DVD player.

Not only the distribution control system 2, but also the
communication terminal 5 may have a browser. In this case,
updating the browser 20 of the distribution control system 2
climinates the need to start up the browsers of the respective
communication terminals 3.

Outline of Various Kinds of Distribution Methods

Described next 1s an outline of various kinds of distribution
methods.

Basic Distribution

FIG. 3 1s a conceptual diagram 1llustrating a basic distri-
bution method. In the distribution system 1, as 1llustrated in
FIG. 3, the browser 20 of the distribution control system 2
acquires web content data [ A] as image (sound) data from the
web server 8 and renders 1t, thereby generating pieces of
frame data [A] as pieces of still image (sound) data. An
encoder bridge unit 30 including the encoding umt 19 per-
forms encoding and the like on the pieces of frame data [A],
thereby converting 1t into video (sound) data of the compres-
sion coding system such as H.264. The distribution control
system 2 distributes the video (sound) data [A] after being
converted (an example of transmission data) to the commu-
nication terminal 5.

Thus, the distribution control system 2 can distribute even
rich web content data to the communication terminal 5 while
converting 1t from the web content data in HTML or the like
into the compressed video (sound) data in H.264 or the like on
the cloud. As a result, the web content can be smoothly
reproduced on the communication terminal 35 side without
time and effort and costs for improving the specification of a
central processing unit (CPU), an operating system (OS), and
the like.

Even when the enrichment of web content progresses in the
future, because only the specifications of the browser 20, the
CPU, and the like 1n the distribution control system 2 on the
cloud have to be improved, the specification of the commu-
nication terminal 5 does not need to be improved.

Applying the above distribution method, as 1llustrated 1n
FIG. 4 to FIG. 6, the distribution system 1 also can distribute
web content data to a plurality of sites as video (sound) data.
Described here are distribution methods 1llustrated 1n FIG. 4
to FIG. 6.

Multicast

FI1G. 4 15 a conceptual diagram of multicast. As illustrated
in FIG. 4, the single browser 20 of the distribution control
system 2 acquires the web content data [A] as image (sound)
data from the web server 8 and renders 1t, thereby generating
pieces of frame data [ A] as pieces of still image (sound) data.
The encoder bridge unit 30 encodes the pieces of frame data
[A], thereby converting them into video (sound) data. The
distribution control system 2 then distributes the video
(sound) data [A] to a plurality of communication terminals
(311, 512, 313).

Thus, the same video (sound) 1s reproduced at the sites. In
this case, the communication terminals (3f1, 572, 5/3) do not
need to have the same display reproduction capability (e.g.,
the same resolution). The distribution method like this 1s
called, for example, “multicast”.
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Multidisplay

FIG. 5 1s a conceptual diagram of multidisplay. As 1llus-
trated 1 FIG. 5, the single browser 20 of the distribution
control system 2 acquires web content data [ XY Z] as image
(sound) data from the web server 8 and renders 1t, thereby
generating pieces of frame data [ XY Z] as pieces of still image
(sound) data. For each frame data [ XY Z], the encoder bridge
unit 30 divides 1t into a plurality of pieces of frame data ([ X],
[Y], [Z]) and then encodes them, thereby converting 1nto a
plurality of pieces of video (sound) data ([X], [Y], [Z]). The
distribution control system 2 then distributes the video
(sound) data [X] to the communication terminal 5f/1. Simi-
larly, the distribution control system 2 distributes the video
(sound) data [ Y] to the communication terminal 5/2 and dis-
tributes the video (sound) data [Z] to the communication
terminal 5/3.

Thus, for example, even for landscape web content [ XY 7],
video (sound) 1s reproduced by the communication terminals
5 1n a divided manner. As a result, when the communication
terminals (371, 5/2, 5/3) are installed 1n a line, the same effect
as the reproduction of one piece of large video can be
obtained. In this case, the communication terminals (5/1, 572,
5/3) need to have the same display reproduction capability
(e.g., the same resolution). The distribution method like this 1s
called, for example, “multidisplay™.

Composite Distribution

FIG. 6 1s a conceptual diagram of composite distribution
using a plurality of communication terminals through a dis-
tribution control system. As illustrated 1n FIG. 6, at a first site
(the right side 1n FIG. 6), the communication terminal 5/1 as
an electronic blackboard and a communication terminal Sel
as a TV conference terminal are used, and at a second site (the
lett side 1n FIG. 6), the communication terminal 5/2 as an
clectronic blackboard and a communication terminal 5e2 as a
TV conference terminal are used similarly. At the first site, an
clectronic pen P1 1s used for drawing characters and the like
with strokes on the communication terminal 5f1. At the sec-
ond site, an electronic pen P2 is used for drawing characters
and the like with strokes on the communication terminal 572.

At the first site, video (sound) data acquired by the com-
munication terminal 5el 1s encoded by an encoding unit 60
and 1s then transmitted to the distribution control system 2.
After that, 1t 1s decoded by a decoding unmit 40 of the distri-
bution control system 2 and 1s then mput to the browser 20.
Operation data indicating the strokes drawn by the commu-
nication terminal 51 with the electronic pen P1 (in this case,
coordinate data on the display of the communication terminal
5/1 or the like) 1s transmitted to the distribution control sys-
tem 2 to be mput to the browser 20. Also at the second site,
video (sound) data acquired by the communication terminal
5¢2 1s encoded by the encoding unit 60 and 1s then transmaitted
to the distribution control system 2. After that, 1t 1s decoded by
the decoding unit 40 of the distribution control system 2 and
1s then 1nput to the browser 20. Operation data indicating the
strokes drawn by the communication terminal 5/2 with the
clectronic pen P2 (in this case, coordinate data on the display
of the communication terminal 572 or the like) 1s transmitted
to the distribution control system 2 to be input to the browser
20.

The browser 20 acquires, for example, web content data
[A] as a background image displayed on the respective dis-
plays of the communication terminals (3/1, 5/2) from the web
server 8. The browser 20 combines the web content data [A],
operation data ([pl], [p2]), and video (sound) content data
(|[E1], [E2]) and renders them, thereby generating pieces of
frame data as pieces of still image (sound) data 1n which the
respective pieces ol content data ([A], [pl], [p2], [E1], [E2])
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are arranged with a desired layout. The encoder bridge unit 30
encodes the pieces of frame data, and the distribution control

system 2 distributes video (sound) data indicating the same
content ([A], [pl], [p2], [E1], [E2]) to both sites. At the first
site, thereby, video ([A], [pl], [p2], [E]1 (video part)] and [E2]
(video part) are displayed on the display of the communica-
tion terminal 5/1, and a sound [ E2 (sound part)] 1s output from
the speaker of the communication terminal 5el. Also at the
second site, video ([A], [p1], [p2], [E1 (video part)] and [E2]
(video part) are displayed on the display of the communica-
tion terminal 572, and a sound [E1 (sound part)] 1s output from
the speaker of the communication terminal 5¢2. At the first
site, the sound of the site itself [E1 (sound part)] 1s not output
owing to an echo cancelling function of the communication
terminal 5/1. At the second site, the sound of the site itself [E2
(sound part)] 1s not output owing to an echo cancelling func-
tion of the communication terminal 5/2.

Thus, at the first site and the second site, remote shared
processing can be performed that shares the same information
in real time at remote sites, thus making the distribution
system 1 according to the present embodiment effective 1n a
teleconference or the like.

(Ll

DETAILED DESCRIPTION OF TH
EMBODIMENT

Described next with reference to FIG. 7 to FIG. 24 1s
detailed description of the embodiment.

Hardware Configuration of the Embodiment

Described first with reference to FIG. 7 and FIG. 8 1s the
hardware configuration of the present embodiment. FIG. 7 1s
a hardware configuration diagram of a distribution control
system, a communication terminal, a terminal management
system, and a web server. FI1G. 8 1s a hardware configuration
diagram of a dangle. Because a hardware configuration relat-
ing to the communication of the communication terminal 1s
the same as part of the hardware configuration of the com-
munication terminal, the description thereot will be omaitted.

As 1llustrated in FIG. 7, the distribution control system 2
includes: a (host) CPU 201 that controls the entire operation
of the distribution control system 2; a ROM 202 that stores
therein a program used for driving the CPU 201 such as IPL;
a RAM 203 used as a work area of the CPU 201; an HDD 204
that stores therein various kinds of data such as programs; a
hard disk controller (HDC) 205 that controls the reading and
writing the various kinds of data from and into the HDD 204
under the control of the CPU 201; a media drive 207 that
controls the reading and writing data from and 1nto a storage
medium 206 such as a tlash memory; a display 208 that
displays various kinds of information; an I/F 209 for trans-
mitting data using the communication network 9 and con-
necting the dongle 99; akeyboard 211; amouse 212; a micro-
phone 213, a speaker 214, a graphics processing unit (GPU)
215; aROM 216 that stores therein a program used for driving
the GPU 215;a RAM 217 used as a work area of the GPU 215;
and a bus line 220 such as an address bus and a data bus for
clectrically connecting the above components as 1llustrated 1n
FIG. 7. As in the communication terminal 54 as a projector,
the GPU may not be provided. Because the hardware con-
figuration of the terminal management system 7 and the web
server 8 1s the same as the hardware configuration of the

distribution control system 2, the description thereof will be
omitted.

Described next with reference to FIG. 8 1s the hardware

configuration of the dongle illustrated in FI1G. 2. As 1llustrated
in FIG. 8, the dongle 99 includes: a CPU 91 that controls the

entire operation of the dongle 99; a ROM 92 that stores
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therein a basic mput/output program; a RAM 93 used as a
work area of the CPU 91; an electrically erasable and pro-
grammable ROM (EEPROM) 94 that performs the reading
and writing of data under the control of the CPU 91; a GPU
95; a ROM 98a that stores therein a program used for driving
the GPU 95; a RAM 985 used as a work area of the GPU 95;
an interface I/F 96 for being connected to the interface I/'F 209
of the communication terminal 5; an antenna 97a; a commu-
nication unit 97 that performs communications by a short-
distance wireless technology using the antenna 97q; and a bus
line 90 such as an address bus and a data bus for electrically
connecting the above unmits. Examples of the short-distance
wireless technology include the near field communication
(NFC) standards, Bluetooth (registered trademark), wireless
fidelity (WiF1), and ZigBee. Because the dangle 99 includes
the GPU 95, even for such a case including no GPU as the
communication terminal 54, the communication terminal 5
can perform calculation processing needed for graphics dis-
play by attaching the dangle 99 as illustrated 1n FIG. 2.

Functional Configuration of the Embodiment

Described next with reference to FIG. 9 to FIG. 16 1s the
functional configuration of the embodiment.

Functional Configuration of the Distribution Control Sys-
tem

Described first with reference to FIG. 9 1s the functional
configuration of the distribution control system 2. FIG. 9 1s a
functional block diagram illustrating mainly the functions of
the distribution control system. FIG. 9 1llustrates a functional
configuration when the distribution control system 2 distrib-
utes video (sound) data to the commumication terminal 511,
and the distribution control system 2 has the same functional
configuration also when the distribution destination 1s other
than the communication terminal 5/1. Although the distribu-
tion control system 2 includes a plurality of distribution
engine servers, described below 1s a case when a single dis-
tribution engine server 1s included 1n order to simplity the
description.

As 1llustrated 1n FI1G. 9, the distribution control system 2
has functional components 1llustrated 1n FIG. 9 by the hard-
ware configuration including a processor such as the CPU 201
or the GPU 215 and the programs 1llustrated 1in FIG. 7.

Specifically, the distribution control system 2 includes the
browser 20, a transmitter/recerver 21, a browser management
umt 22, a transmission first-in first-out (FIFO) butfer 24, a
time management unit 25, a time acquisition unit 26, a chan-
nel adaptive controller 27, the encoder bridge unit 30, a trans-
mitter/recerver 31, areception FIFO 34, arecognition unit 35,
a delay information acquisition unit 37a, a channel adaptive
controller 375, and the decoding unit 40. The distribution
control system 2 further includes a storage unit 2000 con-
structed by the HDD 204 1llustrated in FIG. 7. This storage
unmt 2000 stores therein recognition information described
below output from the recognition unit 35 and sent through
the browser management unit 22. The content data acquired
by the browser 20 can be temporarily stored in the storage unit
2000 as a cache.

Among the above functional components, the browser 20 1s
a browser that operates within the distribution control system
2. The browser 20 1s updated corresponding to the enrichment
of web content at all times. The browser 20 has, for example,
Media Player, Flash Player, JavaScript (registered trade-
mark), CSS, and HTML Renderer. JavaScript includes the
standardized product and one unique to the distribution sys-
tem 1.

Media Player 1s a browser plug-in for reproducing multi-
media files such as video (sound) files within the browser 20.
Flash Player 1s a browser plug-in for reproducing tlash con-
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tent within the browser 20. The unique JavaScript 1s a Java-
Script group that provides the application programming inter-
tace (API) of services unique to the distribution system 1.

CSS 1s a technology for efficiently defimng the appearance
and style of web pages described in HIML. HTML Renderer

1s an HI' ML rendering engine.

A renderer renders content data such as web content data as
image (sound) data, thereby generating pieces of frame data
as pieces of still image (sound) data. As illustrated 1n FIG. 6,

the renderer 1s also a layout engine that performs the layout of
a plurality of kinds of content ([A], [pl], [p2], [E1], [E2]).

The distribution system 1 according to the present embodi-
ment provides the browsers 20 within the distribution control
system 2, and a cloud browser for use in a user session 1s
selected from the browsers 20. Described below continuously
1s a case of providing the single browser 20 1n order to sim-
plify the description.

The transmitter/recerver 21 transmits and recetves various
kinds of data, various kinds of requests, various kinds of
instructions, and the like to and from the terminal manage-
ment system 7 and the web server 8. For example, the trans-
mitter/recetver 21 acquires web content data from a content
site of the web server 8. The transmitter/recerver 21 outputs
the various kinds of data acquired from the terminal manage-
ment system 7 to the functional components within the dis-
tribution control system 2 and controls the functional com-
ponents within the distribution control system 2 based on the
various kinds of data, various kinds of requests, various kinds
of mstructions, and the like acquired from the terminal man-
agement system 7. For example, for the browsers 20 provided
in plurality, the transmitter/receiver 21 outputs a request for
switching distribution patterns from the terminal manage-
ment system 7 to the browser management unit 22, and the
browser management unit 22 controls switching from one
browser to another browser among the browsers 20. Based on
the request for switching distribution from the terminal man-
agement system 7, the transmitter/receiver 21 performs the
switching of combinations of the components within the
encoder bridge unit 30 1llustrated in FIG. 15 and FIG. 16.

The browser management unit 22 manages the browser 20.
For example, the browser management unit 22 instructs the
browser 20 to start up and exit and numbers an encoder ID at
startup or exit. The encoder ID i1s 1dentification information
the browser management unit 22 numbers 1n order to manage
the process of the encoder bridge unit 30. The browser man-
agement unit 22 numbers and manages a browser ID every
time the browser 20 1s started up. The browser 1D 1s 1dentifi-
cation information the browser management unit 22 numbers
in order to manage the process of the browser 20 to 1dentily
the browser 20.

The browser management unit 22 acquires various kinds of
operation data from the communication terminal 3§ through
the transmitter/recerver 31 and outputs them to the browser
20. The operation data 1s data occurring through operation
events (operations through the keyboard 211, the mouse 212,
and the like, strokes with the electronic pen 2, and the like) on
the communication terminal 5. When the communication
terminal 5 provides various sensors such as a temperature
sensor, a humidity sensor, or an acceleration sensor, the
browser management unit 22 acquires sensor information
that 1s an output signal of the sensors from the communication
terminal 5 and outputs it to the browser 20. The browser
management unit 22 further acquires image (sound) data
from the recognition unit 35 and outputs 1t to the browser 20
and acquires recognition information described below from
the recognition unit 35 and stores 1t 1n the storage umt 2000.
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The browser management unit 22 acquires video (sound) data
from the reception FIFO 34 and outputs 1t to the browser 20.

The transmission FIFO 24 1s a buller that stores therein the
pieces of frame data as pieces of still image (sound) data
generated by the browser 20.

The time management unit 25 manages time T unique to
the distribution control system 2.

The time acquisition unit 26 performs time adjustment
processing in conjunction with a time controller 56 in the
communication terminal 5 described below. Specifically, the
time acquisition umt 26 acquires time mformation (1) mndi-
cating time T 1n the distribution control system 2 from the
time management unit 25, receives time information (t) mndi-
cating time t 1n the communication terminal 5 from the time
controller 56 described below through the transmitter/re-
cerver 31 and a transmitter/receiver 51, and transmuits the time
information (t) and the time information (T) to the time con-

troller 56.

The channel adaptive controller 27, which may be referred
to as a changing unit, calculates reproduction delay time U
based on transmission delay time information (D) and calcu-
lates operation conditions such as the frame rate and the data
resolution of a convertor 10 in the encoder bridge unit 30. This
reproduction delay time U 1s time for delaying reproduction
through the buifering of data until being reproduced. In other
words, the channel adaptive controller 27 changes the opera-
tion of the encoder bridge unit 30 based on the transmission
delay time information (D) and the size of the data (e.g., the
number of bits or the number of bytes). As described later, the
transmission delay time information (D) indicates frequency
distribution information based on a plurality of pieces of
transmission delay time D1 acquired from a reproduction
controller 53 by a delay information acquisition unit 57 of the
communication terminal 5. The transmission delay time D1
indicates time from the point when the video (sound) data 1s
transmitted from the distribution control system 2 to the point
when 1t 1s recerved by the communication terminal 5.

The encoder bridge unit 30 outputs the pieces of frame data
as pieces of still image (sound) data generated by the browser
20 to the convertor 10 1n the encoder bridge unit 30 described
below. In this case, the convertor 10 also operates based on the
operation conditions calculated by the channel adaptive con-
troller 27. The encoder bridge unit 30 will be described 1n
more detail with reference to FIG. 15 and FIG. 16. FIG. 15 1s
a detailed diagram of the encoder bridge unit. FIG. 16 1s a
functional block diagram illustrating the functions of the
convertor.

As 1illustrated 1 FIG. 15, the encoder bridge unit 30 is
constructed by a generating/selecting unit 310, a selecting
unmit 320, and a plurality of converters (10a, 105, 10c¢) pro-
vided therebetween. Although the three converters are illus-
trated here, any number of them may be provided. In the
following, any convertor 1s represented as a “convertor 107,

The convertor 10 converts the data format of the pieces of
frame data as pieces of still image (sound) data generated by
the browser 20 1into a data format of H.264 or the like capable
ol being distributed to the communication terminal 5 through
the communication network 9. For that purpose, as illustrated
in FIG. 16, the convertor 10 includes a trimming unit 11, a
resizing unit 12, a dividing unit 13, and the encoding unit 19.
The trimming unit 11, the resizing unit 12, and the dividing
unit 13 do not perform any processing on sound data.

The trimming unit 11 performs processing to cut out only
part of a still image. The resizing unit 12 changes the reduced
scale of a still image. The dividing unit 13 divides a still image
as 1llustrated 1n FIG. 5.
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The encoding unit 19 encodes the pieces of frame data as
pieces of still image (sound) data generated by the browser
20, thereby converting them so that video (sound) data can be
distributed to the communication terminal 5 through the com-
munication network 9. When the video 1s not in motion (when
there 1s no mter-frame update (change)), a skip frame (may be
sometimes referred to as frame skip) 1s thereafter inserted
until the video moves to save a band.

When sound data 1s generated together with still image
data by rendering, theses both pieces of data are encoded, and
when only sound data 1s generated, only encoding 1s per-
tormed, without performing trimming, resizing, and dividing,
causing data to be compressed.

The generating/selecting unit 310 generates a new conver-
tor 10 and selects pieces of frame data as pieces of still image
(sound) data to be mput to a convertor 10 that 1s already
generated. In generating 1t, the generating/selecting unit 310
generates a convertor 10 allowing conversion according to the
reproduction capability of video (sound) data 1n the commu-
nication terminal 5. In selecting it, a convertor 10 that 1s
already generated 1s selected. For example, 1n starting distri-
bution to the communication terminal 55 1n addition to dis-
tribution to the communication terminal 5a, the same video
(sound) data as video (sound) data being distributed to the
communication terminal 5a¢ may be distributed to the com-
munication terminal 54. In such a case, furthermore, when the
communication terminal 55 has the same reproduction capa-
bility as the reproduction capability of video (sound) data of
the communication terminal 5a, the generating/selecting unit
310, without generating a new convertor 105 for the commu-
nication terminal 55, utilizes the convertor 10a that 1s already
generated for the communication terminal Sa.

The selecting unit 320 selects a desired one from the con-
vertors 10 that are already generated. The selection by the
generating/selecting unit 310 and the selecting unit 320 can
perform distribution of various patterns as illustrated in FIG.
6.

The transmitter/recerver 31 transmits and receives various
data, requests, and the like to and from the communication
terminal 5. This transmitter/receiver 31 transmits various
data, requests, and the like to the communication terminal 5
through the communication network 9 from the cloud,
thereby allowing the distribution control system 2 to distrib-
ute various data, requests, and the like to the communication
terminal 5. For example, in the login processing of the com-
munication terminal 5, the transmitter/recerver 31 transmits,
to the transmitter/recerver 51 of the communication terminal
5, authentication screen data for prompting a user a login
request. The transmitter/receiver 31 also performs data trans-
mission and data reception to and from user applications of
the communication terminal 3 and device applications of the
communication terminal 5 by a protocol unique to the distri-
bution system 1 through a Hypertext Transier Protocol over
Secure Socket Layer (HTTPS) server. This unique protocol 1s
an HTTPS-based application layer protocol for transmitting
and receiving data in real time and without being interrupted
between the distribution control system 2 and the communi-
cation terminal. The transmitter/receiver 31 also performs
transmission response control, real-time data generation,
command transmission, reception response control, recep-
tion data analysis, and gesture conversion.

Among these, the transmission response control 1s process-
ing to manage an HT'TPS session for downloading requested
from the communication terminal 5 in order to transmit data
from the distribution control system 2 to the communication
terminal 5. The response of the HTTPS session for download-
ing does not end immediately and holds for a certain period of
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time (one to a few minutes). The transmitter/recerver 31
dynamically writes data to be sent to the communication
terminal 5 1n the Body part of the response. In order to
climinate costs for reconnection, another request is allowed to
reach from the communication terminal before the previous
session ends. By putting the transmitter/receiver 31 on
standby until the previous request 1s completed, overhead can
be eliminated even when reconnection 1s performed.

Thereal-time data generation 1s processing to give a unique
header to the data of compressed video (and a compressed
sound) generated by the encoding unit 19 1n FIG. 16 and write
it in the Body part of HTTPS.

The command transmission 1s processing to generate com-
mand data to be transmitted to the communication terminal 3
and write 1t 1n the Body part of HTTPS directed to the com-
munication terminal 5.

The reception response control 1s processing to manage an
HTTPS session requested from the communication terminal
5 1n order for the distribution control system 2 to receive data
from the communication terminal 5. The response of this
HTTPS session does not end immediately and 1s held for a
certain period of time (one to a few minutes). The communi-
cation terminal 5 dynamically writes data to be sent to the
transmitter/recerver 31 of the distribution control system 2 in
the Body part of the request.

The reception data analysis 1s processing to analyze the
data transmitted from the communication terminal 5 by type
and deliver the data to a necessary process.

The gesture conversion 1s processing to convert a gesture
event input to the communication terminal 5/ as the electronic
blackboard by a user with an electronic pen or 1n handwriting
into data of a format capable of being received by the browser
20.

The reception FIFO 34 1s a butler that stores therein video
(sound) data after being decoded by the decoding unit 40.

The recogmition unit 35 performs processing on 1mage
(sound) data received from the communication terminal 5.
Specifically, for example, the recognition unit 335 recognizes
the face, age, sex, and the like of men or animals based on
images taken by a camera 62 for signage. For offices, the
recognition unit 35 performs name tagging by face recogni-
tion and processing of replacing a background image based
on 1mages taken by the camera 62. The recognition unit 35
stores recognition information indicating the recognized
details in the storage unit 2000. The recognition unit 35
achieves speeding up by performing processing with a rec-
ognition expansion board.

The delay information acquisition unit 37a 1s used for the
processing of upstream channel adaptive control correspond-
ingly to a delay information acquisition umt 37 of the com-
munication terminal 5 for use in the processing of down-
stream channel adaptive control. Specifically, the delay
information acquisition unit 37a acquires transmission delay
time information (d1) indicating transmission delay time dl
from the decoding unit 40 and holds it for a certain period of
time, and when a plurality of pieces of transmission delay
time iformation (d1) are acquired, outputs to the channel
adaptive controller 375 transmission delay time information
(d) indicating frequency distribution information by a plural-
ity of pieces of transmission delay time d1. The transmission
delay time information (d1) indicates time from the point
when the video (sound) data 1s transmitted from the commu-
nication terminal 5 to the point when it 1s received by the
distribution control system 2.

The channel adaptive controller 375 1s used for the pro-
cessing of the upstream channel adaptive control correspond-
ingly to the channel adaptive controller 27 for use in the
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processing of the downstream channel adaptive control. Spe-
cifically, the channel adaptive controller 375 calculates the
operation conditions of the encoding unit 60 of the commu-
nication terminal 5 based on the transmission delay time
information (d). The channel adaptive controller 375 trans-
mits a channel adaptive control signal indicating operation
conditions such as a frame rate and data resolution to the
encoding unit 60 of the communication terminal 5 through
the transmitter/receiver 31 and the transmitter/recerver 31.

The decoding unit 40 decodes the video (sound) data trans-
mitted from the communication terminal 5. The decoding unit
40 also outputs the transmission delay time information (d1)
indicating transmission delay time d1 to the delay informa-
tion acquisition unit 37a.

Functional configuration of communication terminal

Described next with reference to FIG. 10 1s the functional
configuration of the communication terminal 5. FIG. 10 1s a
tfunctional block diagram 1illustrating mainly the functions of
the communication terminal. The communication terminal 5
1s a terminal serving as an interface for a user to perform a
login to the distribution system 1, start and stop the distribu-
tion of video (sound) data, and the like.

Asillustrated in F1G. 10, the communication terminal 5 has
tfunctional components 1llustrated in FIG. 10 by the hardware
configuration including the CPU 201 and the programs 1llus-
trated 1 FIG. 7. When the communication terminal 5
becomes communicable with the other terminals and systems
through the communication network 9 by the insertion of the
dangle 99 as 1llustrated 1n FIG. 2, the communication termi-
nal 3 has the functional components illustrated in FIG. 10 by
the hardware configuration and the programs illustrated in
FIG. 7 and FIG. 8.

Specifically, the communication terminal 5 includes a
decoding unit 50, the transmitter/recerver 31, an operating
unit 52, the reproduction controller 53, a rendering unit 55, a
time controller 56, the delay information acquisition unit 57,
a display unit 38, and the encoding unit 60. The communica-
tion terminal S further includes a storage unit 5000 con-
structed by the RAM 203 1llustrated in FIG. 7. This storage
unit 5000 stores therein time difference mformation (A) indi-

cating a time difference A described below and time 1nforma-
tion (t) indicating time t 1n the communication terminal 3.

Among these, the decoding unit 50 decodes video (sound)
data distributed from the distribution control system 2 and
output from the reproduction controller 53.

The transmitter/recerver 31 transmits and recetves various
data, requests, and the like to and from the transmitter/re-
ceiver 31 of the distribution control system 2 and a transmiut-
ter/recerver 7Tla of the terminal management system 7. For
example, 1n the login processing of the communication ter-
minal 5, the transmitter/receiver 51 performs a login request
to the transmitter/receiver 71a of the terminal management
system 7 based on the startup of the communication terminal
5 by the operating unit 52.

The operating unit 52 performs processing to receive
operation mput by a user, for example, recetves mput, selec-
tion, or the like with a power switch, a keyboard, a mouse, the
clectronic pen P, or the like, and transmuts 1t as operation data
to the browser management unit 22 of the distribution control
system 2.

The reproduction controller 53 buifers the video (sound)
data (a packet of real-time data) received from the transmatter/
receiver 51 and outputs 1t to the decoding unit 50 considering,
reproduction delay time U. The reproduction controller 53
also calculates the transmission delay time information (ID1)
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indicating transmission delay time D1, and outputs the trans-
mission delay time information (D1) to the delay information

acquisition unit 37.

The rendering unit 55 renders the data decoded by the
decoding unit 50.

The time controller 56 performs time adjustment process-
ing in conjunction with the time acquisition unit 26 of the
distribution control system 2. Specifically, the time controller
56 acquires time information (t) indicating time t 1n the com-
munication terminal 5 from the storage unit 5000. The time
controller 56 1ssues a request for time mformation (T) 1ndi-
cating time T 1n the distribution control system 2 to the time
acquisition unit 26 of the distribution control system 2
through the transmitter/receiver 51 and the transmitter/re-
ceiver 31. In this case, the time information (t) 1s transmitted
concurrently with the request for the time mnformation (1).

The delay information acquisition unit 37 acquires from
the reproduction controller 53 transmission delay time 1nfor-
mation (D1) indicating transmission delay time D1 and holds
it for a certain period of time, and when a plurality of pieces
of transmission delay time information (D1) are acquired,
outputs transmission delay time information (D) indicating
frequency distribution information by a plurality of pieces of
transmission delay time D1 to the channel adaptive controller
277 through the transmitter/receiver 51 and the transmitter/
receiver 31. The transmission delay time information (D) 1s
transmitted, for example, once 1n a hundred frames.

The display unit 38 reproduces the data rendered by the
rendering unit 55.

The encoding unmit 60 transmaits video (sound) data [E] that
1s acquired from a built-in microphone 213 or the camera 62
and a microphone 63, which are externally attached, and 1s
encoded, time information (1, ) indicating the current time t, 1n
the commumnication terminal 5 acquired from the storage unit
5000, and the time difference information (A) indicating the
time difference A acquired from the storage unit 5000 to the
decoding unit 40 of the distribution control system 2 through
the transmitter/recerver 51 and the transmitter/recerver 31.
The time difference A indicates a difference between the time
managed independently by the distribution control system 2
and the time managed independently by the communication
terminal 5. The encoding unit 60 changes the operation con-
ditions of the encoding unit 60 based on the operation condi-
tions 1ndicated by the channel adaptive control signal
received from the channel adaptive controller 37b. The
encoding unit 60, 1n accordance with the new operation con-
ditions, transmits the video (sound) data [E] that 1s acquired
from the camera 62 and the microphone 63 and 1s encoded,
the time information (t,) indicating the current time t, 1n the
communication terminal 5 acquired from the storage unit
5000, and the time difference information (A) indicating the
time difference A acquired from the storage unit 5000 to the
decoding unmit 40 of the distribution control system 2 through

the transmitter/recerver 51 and the transmitter/receiver 31.

The built-in microphone 213, the externally attached cam-
era 62 and the microphone 63, and the like are examples of an
inputting unit and are devices that need encoding and decod-
ing. The mputting unit may output touch data and smell data
in addition to video (sound) data.

The inputting unit includes various sensors such as a tem-
perature sensor, a direction sensor, an acceleration sensor, and

the like.
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Functional Configuration of the Terminal Management
System

Described next with reference to FIG. 11 1s the functional
configuration of the terminal management system 7. FIG. 11
1s a Tunctional block diagram illustrating the functions of the
terminal management system.

As 1llustrated 1n FIG. 11, the terminal management system
7 has functional components 1illustrated in FIG. 11 by the
hardware configuration including the CPU 201 and the pro-
grams 1llustrated 1n FI1G. 7.

Specifically, the terminal management system 7 includes
the transmitter/receiver 71a, a transmitter/receirver 7154, and
an authentication unit 75. The terminal management system 7
turther includes a storage unit 7000 constructed by the HDD
204 1llustrated in FI1G. 7. The storage unit 7000 stores therein
distribution destination selection menu data, a terminal man-
agement table 7010, and an available terminal management
table 7020.

Among these, the distribution destination selection menu 1s
data indicating such a destination selection menu screen as
illustrated 1n FIG. 12.

As 1llustrated 1n FIG. 13, the terminal management table
7010 manages the terminal ID of the communication terminal
5, auser certificate, contract information when a user uses the
services of the distribution system 1, the terminal type of the
communication terminal 3, setting information indicating the
home uniform resource locators (URLs) of the respective
communication terminals 5, the execution environment infor-
mation of the respective communication terminals 3, a shared
ID, installation position information, and display name infor-
mation 1n association with each other. Among these, the
execution environment information includes ‘“favorites”,
“previous Cookie information™, and “cache file” of the
respective communication terminals 5, which are sent to the
distribution control system 2 together with the setting infor-
mation after the login of each communication terminal 5 and
are used for performing an individual service on each com-
munication terminal 3.

The shared ID 1s an 1D that 1s used when each user distrib-
utes the same video (sound) data as video (sound) data being,
distributed to his/her own communication terminal 5 to the
other communication terminals 5, thereby performing remote
sharing processing and 1s 1dentification information that iden-
tifies the other communication terminals and the other com-
munication terminal group. For example, the shared ID of the
terminal ID “t006” 1s “v006”, the shared ID of the terminal ID
“t007 “v006”, and the shared ID of the terminal ID “t008” 1s
“v006”. When a request for remote sharing processing with
the communication terminals (5/1, 572, 5/3) with the terminal
ID “v006” 1s 1ssued from the communication terminal 5a with
the terminal ID “t001”, the distribution control system 2
distributes the same video (sound) data as video (sound) data
being distributed to the communication terminals 3a to the
communication terminals (571, 5/2, 5/3). However, when the
communication terminals Sa and the communication termi-
nals (5/1, 572, 5/3) are different in the resolution of the display
unit 58, the distribution control system 2 distributes the video
(sound) data accordingly.

As 1llustrated 1n FIG. §, for example, the mstallation posi-
tion information indicates an installation position when the
communication terminals (571, 572, 5/3) are arranged side by
side. The display name information is information indicating
the details of the display name in the distribution destination
selection menu 1llustrated in FIG. 12.

The available terminal management table 7020 manages,
in association with each terminal ID, a shared ID indicating a
communication terminal or a communication terminal group
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with which the communication terminal 5 indicated by the
terminal ID can perform remote sharing processing.

Described next returning back to FIG. 11 1s the functional
components.

The transmitter/recerver 71a transmits and recerves vari-
ous data, requests, and the like to and from the communica-
tion terminal 5. For example, the transmitter/receiver 71a
receives a login request from the transmitter/receiver 51 of the
communication terminal 5 and transmits an authentication
result of the login request to the transmitter/recerver 31.

The transmitter/recerver 715 transmits and receives vari-
ous data, requests, and the like to and from the distribution
control system 2. For example, the transmitter/recerver 715
receives a request for the data of the distribution destination
selection menu from the transmitter/receiver 21 of the distri-
bution control system 2 and transmits the data of the distri-
bution destination selection menu to the transmitter/receiver
21.

The authentication unit 75 searches the terminal manage-
ment table 7010 based on the terminal ID and the user cer-
tificate recerved from the communication terminal 3, thereby
determining whether there are any terminal ID and user cer-
tificate of the same combination, thereby authenticating the
communication terminal 3.

Operations or Processing of the Embodiment

Described next with reference to FIG. 17 to FIG. 24 are
operations or pieces of processing of the present embodiment.
These pieces of processing are performed by the respective
CPUs of the distribution control system 2, the communication
terminal 5, the terminal management system 7, and the web
server 8 1n accordance with the respective programs stored
therein.

Basic Distribution Processing

Described first with reference to FIG. 17 1s specific distri-
bution processing 1n the basic distribution method illustrated
in FIG. 3. FIG. 17 1s a sequence diagram 1llustrating the basic
distribution processing of the distribution control system.
Although described here 1s a case of 1ssuing a login request
using the communication terminal 5q, a login may be per-
formed using the communication terminal 5 other than the
communication terminal 3a.

As 1llustrated 1n FIG. 17, when a user turns on the commu-
nication terminal Sa, the transmitter/receiver 51 of the com-
munication terminal 5a 1ssues a login request to the transmit-
ter/recerver 71a of the terminal management system (Step
S21). This causes the transmitter/recerver 71a to receive the
login request. This login request includes the terminal ID and
the user certificate of the communication terminal 5a. The
authentication unit 75 then acquires the terminal ID and the
user certificate of the communication terminal 3a.

The authentication unit 75 searches the terminal manage-
ment table 7010 based on the terminal ID and the user cer-
tificate, thereby determining whether there are any terminal
ID and user certificate of the same combination, thereby
authenticating the communication terminal 5a (Step S22).
Described below continuously 1s a case when the terminal 1D
and the user certificate of the same combination are present 1n
the terminal management table 7010, that 1s, when the com-
munication terminal 5a 1s determined as a proper terminal in
the distribution system 1.

The transmitter/recerver 71a of the terminal management
system 7 transmits the IP address of the distribution control
system 2 to the transmitter/receiver 51 of the communication
terminal 5a (Step S23). The IP address of the distribution
control system 2 1s acquired from the distribution control
system 2 by the terminal management system 7 and 1s stored
in the storage umt 7000 1n advance.
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The transmitter/recerver 715 of the terminal management
system 7 1ssues a browser 20 startup request to the transmit-
ter/recerver 21 of the distribution control system 2 (Step S24).
This causes the transmitter/recerver 21 to receive the browser
20 startup request. The browser management unit 22 starts up
the browser 20 based on the startup request received by the
transmitter/recerver 21 (Step S25).

The generating/selecting unit 310 of the encoder bridge
unit 30 generates the convertor 10 1n accordance with the
reproduction capability of the communication terminal 3a
(the resolution of the display and the like) and the type of
content (Step S26). Next, the transmitter/recetver 21 1ssues a
request for content data [A] to the web server 8 in accordance
with an instruction by the browser 20 (Step S27). Inresponse
thereto, the web server 8 reads the requested content data [ A]
from 1ts own storage unit (not 1llustrated) (Step S28). The web
server 8 then transmits the content data [ A] to the transmitter/
receiver 21 of the distribution control system 2 (Step S29).

The browser 20 renders the content data [A] received the
transmitter/recerver 21, thereby generating pieces of frame
data as pieces of still image (sound) data and outputs them to
the transmission FIFO 24 (Step S30). The convertor 10
encodes the pieces of frame data stored in the transmission
FIFO 24, thereby converting them into video (sound) data [ A]
to be output to the communication terminal 5a (Step S31).

The transmitter/recerver 31 transmits the video (sound)
data to the transmitter/receiver 51 of the communication ter-
minal Sa (Step S32). This causes the transmitter/receiver 51
of the communication terminal 5a to recewve the video
(sound) data [A] and output it to the reproduction controller
53.

In the communication terminal 3a, the decoding unit 50
acquires the video (sound) data [A] from the reproduction
controller 33 and decodes it (Step S33). After that, a speaker
61 reproduces a sound based on decoded sound data [A], and
the display unit 38 reproduces video based on video data [ A]
acquired from the decoding unit 30 and rendered by the
rendering umt 55 (Step S34).

Processing of Composite Distribution Using a Plurality of
Communication Terminals

Described next with reference to FI1G. 18 1s communication
processing using a plurality of communication terminals
through the distribution control system. FIG. 18 1s a sequence
diagram 1llustrating distribution processing using a plurality
of communication terminals through the distribution control
system. Described here 1s specific processing for the pattern
illustrated 1 FIG. 6 as the communication terminals 5.
Because login processing, browser startup, and the like simi-
lar to Steps S21 to S29 are performed also here, described first
1s processing corresponding to Step S29.

As 1llustrated 1in FIG. 18, the transmitter/recerver 21 of the
distribution control system 2 recerves content data [A] from
the web server 8 (Step S41). The browser 20 renders the
content data [A], thereby generating pieces of frame data as
pieces of sill image (sound) data and outputs them to the
transmission FIFO 24 (Step S42).

When the encoding unit 60 of the communication terminal
5/1 receives the input of content data as video (sound) data [E]
from the camera 62 and the microphone 63 (Step S43), the
encoding unit 60 encodes the content data [E] (Step S44). The
transmitter/recerver 31 transmits the content data [E] encoded
by the encoding unit 60 to the transmitter/recerver 31 of the
distribution control system 2 (Step S45). This causes the
transmitter/recerver 31 of the distribution control system 2 to
receive the content data [E].

The decoding unit 40 of the distribution control system 2
decodes the content data [E] received by the transmitter/
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receiver 31 and outputs 1t to the reception FIFO 34 (Step S46).
The browser 20 renders the content data [E] stored in the
reception FIFO 34, thereby generating pieces of frame data
|[E] as pieces of still image (sound) data and outputs 1t to the
transmission FIFO 24 (Step S47). In this case, the browser 20
outputs with a layout in which the content data [E] 1s com-
bined with the content data [ A] that 1s already acquired.

In addition, when the operating unit 52 of the communica-
tion terminal 5/1 receives the input of a stroke operation with
the electronic pen P1 (Step S48), the transmitter/receiver 31
transmits operation data [p] indicating the details of the stroke
operation recerved by the operating unit 32 to the transmitter/
receiver 31 of the distribution control system 2 (Step S49).
This causes the transmitter/receiver 31 of the distribution
control system 2 to receirve the operation data [p]. The
browser management unit 22 outputs the operation data [p]
received the transmitter/receiver 31 to the browser 20.

The browser 20 renders the operation data [p], thereby
generating pieces of frame data [p] as pieces of still image
(sound) data and outputs them to the transmission FIFO 24
(Step S50). In this case, browser 20 outputs with a layout 1n
which the operation data [p] 1s combined with the content data
([A], [E]) that 1s already acquired.

The convertor 10 encodes pieces of frame data ([A], [E],
[p]) as pieces of still image (sound) data stored 1n the trans-
mission FIFO 24, thereby converting them 1nto video (sound)
data ([A], [E], [p]) to be distributed to the communication
terminal Sa (Step S51).

The transmitter/receiver 31 acquires the encoded video
(sound) data ([A], [E], [p]) from the encoder bridge unit 30
including the convertor 10 and transmiuts it to the transmitter/
receiver 51 of the communication terminal 571 (Step S52-1).
This causes the transmitter/recerver 51 of the communication
terminal 5/1 to receive the video (sound) data ([A], [E], [p])
and causes the reproduction controller 53 of the communica-
tion terminal 5/1 to acquire the video (sound) data ([A], [E].

[p]) from the transmitter/recerver 51. In the communication
termmal 5/1, the decoding unit 50 acquires the video (sound)
data ([A], [E], [p]) from the reproduction controller 53 and
decodes 1t (Step S53-1). After that, the speaker 61 reproduces
a sound based on decoded sound data ([A], [E]), and the
display unit 538 reproduces video based on VldE:O data ([A
[E], [p] acquired from the decoding unit 50 and rendered by
the rendering unit 55 (Step S54-1).

For also the communication terminal 572, as 1s the case
with Step S52-1, the transmitter/receiver 31 acquires the
encoded video (sound) data ([A], [E], [p]) from the encoder
bridge unit 30 and transmits 1t to the transmitter/recerver 51 of
the communication terminal 5/2 (Step S52-2). This causes the
reproduction controller 53 of the communication terminal 572
to acquire the video (sound) data ([A], [E], [p]). In the com-
munication terminal 5/1, the decoding unit 530 acquires the
video (sound) data ([A], [E], [p]) from the reproduction con-
troller 53 and decodes 1t (Step S53-2). After that, the speaker
61 reproduces a sound based on decoded sound data ([A]

E]), and the display unit 58 reproduces video based on video
data ([A], [E], [p] acquired from the decoding unit 50 and
rendered by the rendering unit 35 (Step S54-1).

Thus, the same video (sound) as the video (sound) output to
the communication terminal 5/1 1s output also to the commu-
nication terminal 572.

Processing of Time Adjustment

Described next with reference to FI1G. 19 1s the processing,
of time adjustment. FI1G. 19 1s a sequence diagram illustrating
the processing of time adjustment.

In order to acquire time 1ndicating a point 1n time when the
transmitter/recerver 51 1ssues a request for the time informa-
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tion (T) to the distribution control system 2, the time control-
ler 56 of the communication terminal $ acquires time infor-
mation (t.) 1n the communication terminal 5 from the storage
unit 5000 (Step S81). The transmitter/recerver 51 1ssues a
request for the time mmformation (T) to the transmitter/re-
ceiver 31 (Step S82). In this case, the time information (t_) 1s
transmitted concurrently with the request for the time 1nfor-
mation (T).

In order to acquire time indicating a point 1n time when the
transmitter/recerver 31 received the request at Step S82, the
time acquisition unmit 26 of the distribution control system 2
acquires time mnformation (T,) in the distribution control sys-
tem 2 from the time management unit 25 (Step S83). In order
to acquire time indicating a point in time when the transmit-
ter/receiver 31 responds to the request at Step S82, the time
acquisition unit 26 further acquires time information (T ) 1in
the distribution control system 2 from the time management
unit 25 (Step S84). The transmitter/recerver 31 then transmits
the time information (t, T, T.) to the transmitter/receiver 51
(Step S8S5).

In order to acquire time indicating a point in time when the
transmitter/recerver 51 recerved the response at Step S85, the
time controller 56 of the communication terminal 5 acquires
time information (t,) in the communication terminal 5 from
the storage unit 5000 (Step S86).

The time controller 36 of the communication terminal 5
calculates the time difference A between the distribution con-
trol system 2 and the communication terminal 5 (Step S87).
This time difference A 1s represented by Equation (I) below.

(1)

The time controller 56 stores the time difference informa-
tion (A) indicating the time difference A in the storage unit
5000 (Step S88). The series of processing of time adjustment
1s performed, for example, regularly every minute.

Processing of Downstream Channel Adaptive Control

Described next with reference to FI1G. 20 1s the processing,
of channel adaptive control on data transmitted from the
distribution control system 2 to the communication terminal
5 (downstream). FIG. 20 1s a sequence diagram illustrating
the processing of channel adaptive control on data transmitted
from the distribution control system to the communication
terminal.

First, the channel adaptive controller 27 of the distribution
control system 2 calculates reproduction delay time informa-
tion (U) indicating reproduction delay time U for delaying
reproduction by butiering until the reproduction controller 53
of the communication terminal 5 reproduces video (sound)
data and outputs 1t to the encoder bridge unit 30 (Step S101).

The transmitter/receiver 31 acquires the reproduction
delay time miformation (U) from the encoder bridge unit 30
and transmits 1t to the transmitter/receiver 51 of the commu-
nication terminal 5 (Step S102). This causes the transmaitter/
receiver 51 of the communication terminal 5 to receive the
reproduction delay time information (U). The encoder bridge
unit 30 adds time information (T ) indicating time T, indicat-
ing a point 1n time acquired from the time management unit
23 as a time stamp to the video (sound) data acquired from the
transmission FIFO 24 and encoded, for example (Step S103).
The transmitter/receiver 31 transmits the video (sound) data
and the time information (T ) of the distribution control sys-
tem 2 to the transmitter/receiver 51 of the communication
terminal 5 (Step S104). This causes the transmitter/receiver
51 of the communication terminal 5 to recerve the time infor-
mation (T,) of the distribution control system 2 and to output
the video (sound) data and the time information (T,) to the
reproduction controller 53.

A=(T,+T.)/2)~((1,+1,)/2)
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In the communication terminal 5, based on the reproduc-
tion delay time information (U) acquired at Step S102, the
time information (1) acquired at Step S104, and the time
difference imnformation (A) stored 1n the storage unit S000 at
Step S88, the reproduction controller 53 waits until the time
(T,+U-A) 1n the communication terminal 5 and then outputs
the video (sound) data acquired at Step S104 to the decoding
umt 30, thereby causing the speaker 61 to output a sound and
the display unit 58 to reproduce video through the rendering
unit 55 (Step S105). This causes only video (sound) data the
communication terminal 5 received within the range of the
reproduction delay time U represented by Equation (2) below
to be reproduced, while video (sound) data out of the range 1s
too delayed and 1s deleted without being reproduced.

Uz(t+A)-T, (2)

The reproduction controller 33 reads the current time t, 1n
the communication terminal 5 from the storage unit 5000
(Step S106). This time t, indicates time 1n the communication
terminal 5 at a point 1n time when the communication termi-
nal 5 recerved video (sound) data from the distribution control
system 2. The reproduction controller 53 further reads the
time difference information (A) indicating the time difference
A stored at Step S88 from the storage unit 3000 (Step S107).
The reproduction controller 33 then calculates transmission
delay time D1 indicating time from when the video (sound)
data 1s transmitted from the distribution control system 2 to
when 1t 1s received by the communication terminal 5 (Step
S108). This calculation 1s performed by Equation (3) below;
when the communication network 9 becomes congested, the
transmission delay time D1 becomes longer.

D1=(t,+A)-T, (3)

The delay information acquisition unit 37 acquires trans-
mission delay time information (D1) indicating the transmis-
sion delay time D1 from the reproduction controller 53 and
holds 1t for a certain period of time, and when a plurality of
pieces ol transmission delay time immformation (D1) are
acquired, outputs to the transmitter/receiver 51 transmission
delay time information (D) indicating frequency distribution
information by a plurality of pieces of transmission delay
time D1 (Step S109). The transmitter/receiver 51 transmits
the transmission delay time information (D) to the transmit-
ter/recerver 31 of the distribution control system 2 (Step
S110). This causes the transmitter/recerver 31 of the distribu-
tion control system 2 to recerve the transmission delay time
information (D) and to output the transmission delay time
information (D) to the channel adaptive controller 27.

The channel adaptive controller 27 of the distribution con-
trol system 2 newly calculates reproduction delay informa-
tion U' based on the transmission delay time information (D)
and calculates the operation conditions such as the frame rate
and the data resolution of the convertor 10 and outputs them
to the encoder bridge unit 30 (Step S111). In other words, the
channel adaptive controller 27 changes the operation of the
encoder bridge unit 30 based on the transmission delay time
information (D) and the size of the data (e.g., the number of
bits or the number of bytes).

The transmitter/receiver 31 acquires reproduction delay
time information (U') indicating the new reproduction delay
time U' calculated at Step S111 from the encoder bridge unit
30 and transmits the reproduction delay time information (U')
to the transmitter/receiver 51 of the communication terminal
5 (Step S112). This causes the transmitter/receiver 51 of the
communication terminal 5 to receive the reproduction delay
time information (U").
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The convertor 10 of the encoder bridge unit 30 further
changes the operation conditions of the convertor 10 based on
the channel adaptive control signal indicating the operation
conditions (Step S113). For example, when the transmission
delay time D1 1s too long, when the reproduction delay time
U 1s made longer in accordance with the transmission delay
time D1, reproduction time at the speaker 61 and the display
unit 38 becomes too delayed. As a result, there 1s a limait to
making the reproduction delay time U longer. In view of this,
the channel adaptive controller 27 not only causes the encoder
bridge unit 30 to change the reproduction delay time U to be
the reproduction delay time U' but also causes the convertor
10 to decrease the frame rate of video (sound) data and to
decrease the resolution of video (sound) data, thereby
addressing the congestion of the communication network 9.
This causes the encoder bridge unit 30, as with Step S103, to
add the current time mformation (IT,) to the video (sound)
data [A] as a time stamp in accordance with the operation
conditions after being changed. The video (sound) data is
added (Step S114). The transmitter/recerver 31 transmits the
video (sound) data and the time information (T ) of the dis-
tribution control system 2 to the transmitter/receiver 31 of the
communication terminal 3 (Step S1135). This causes the trans-
mitter/recerver 51 of the communication terminal 5 to receive
the video (sound) data and the time information (T,) of the
distribution control system 2 and to output the video (sound)
data and the time information (1) to the reproduction con-
troller 53.

In the communication terminal 5, based on the reproduc-
tion delay time information (U") acquired at Step S112, the
time iformation (1) acquired at S115, and the time differ-
ence miformation (A) stored in the storage unit 5000 at Step
S88, the reproduction controller 33 waits until the time (T ,+
U'-A) 1n the communication terminal 5 and then outputs the
video (sound) data to the decoding unit 50, thereby, as with
Step S103, causing the speaker 61 to output a sound and the
display unit 58 to reproduce video through the rendering unit
535 (Step S116). After that, the processing at and after Step
5106 1s performed continuously. Thus, the processing of the
downstream channel adaptive control 1s performed continu-
ously.

Processing of Upstream Channel Adaptive Control

Described next with reference to FI1G. 21 1s the processing,
of channel adaptive control on data transmitted from the
communication terminal 3 to the distribution control system
2 (upstream). FIG. 20 1s a sequence diagram 1llustrating the
processing of channel adaptive control on data transmitted
from the communication terminal to the distribution control
system.

First, the encoding unit 60 of the communication terminal
5 encodes content data as video (sound) data [E] mnput from
the camera 62 and the microphone 63 (Step S121). In this
situation, the encoding unit 60 acquires the time information
(t,) indicating the current time t, in the communication ter-
minal 5§ and the time difference information (A) indicating the
time difference A from the storage unit 5000 and does not
encode them. The transmitter/recerver 31 transmits the video
(sound) data [E], the time information (t;), and the time
difference information (A) to the transmitter/recerver 31 of
the distribution control system 2 (Step S122). This causes the
transmitter/recerver 31 of the distribution control system 2 to
receive the video (sound) data [E], the time information (t,),
and the time difference mformation (A).

In the distribution control system 2, the decoding unit 40
reads time T, indicating a point 1n time when the video
(sound) data [E] and the like were recerved at Step S112 from
the time management unit 235 (Step S123). The decoding unit
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40 then calculates transmission delay time d1 indicating time
from when the video (sound) data 1s transmitted from the
communication terminal 5 to when it 1s received by the dis-
tribution control system 2 (Step S124). This calculation 1s
performed by Equation (4) below; when the communication
network 9 becomes congested, the transmission delay time d1
becomes longer.

d1=T4—(t+A) (4)

As 1s the case with the delay information acquisition unit
57, the delay information acquisition unit 37q of the distribu-
tion control system 2 acquires transmission delay time infor-
mation (dl) indicating transmission delay time d1 from the
decoding unit 40 and holds 1t for a certain period of time, and
when a plurality of pieces of transmission delay time infor-
mation (d1) are acquired, outputs to the channel adaptive
controller 375 transmission delay time information (d) indi-
cating frequency distribution information by a plurality of
pieces of transmission delay time d1 (Step S125).

Based on the transmission delay time information (d), the
channel adaptive controller 375 calculates the operation con-
ditions of the encoding unit 60 (Step S126). The transmaitter/
receiver 31 transmits a channel adaptive control signal 1ndi-
cating operation conditions such as a frame rate and data
resolution to the transmitter/receiver 51 of the communica-
tion terminal 5 (Step S217). This causes the transmitter/re-
ceiver 51 of the communication terminal 5 to receive the
channel adaptive control signal. In other words, 1n the case of
the channel adaptive control illustrated 1n FIG. 20 (down-
stream), the channel adaptive signal 1s output to the encoder
bridge unit 30 within the same distribution control system 2,
and 1n contrast, 1n the case of the channel adaptive control
illustrated 1n FIG. 21 (upstream), the channel adaptive signal
1s transmitted to the commumnication terminal 3 from the dis-
tribution control system 2 through the communication net-
work 9.

Based on the operation conditions received by the trans-
mitter/recerver 31, the encoding unit 60 changes the operation
conditions of the encoding unit 60 (Step S128). The encoding
unit 60 then performs the same processing as Step S121 based
on the new operation conditions (Step S129). The transmitter/
receiver 51, as with Step S122, transmits the video (sound)
data [E] acquired from the camera 62 and the microphone 63
and encoded, the time information (t,) indicating the current
time t, 1n the communication terminal 5 acquired from the
storage unit 5000, and the time difference information (A)
indicating the time difference A also acquired from the stor-
age unit 3000 to the transmitter/receiver 31 of the distribution
control system 2 (Step S130). This causes the transmitter/
receiver 31 of the distribution control system 2 to receive the
video (sound) data [E], the time information (t,), and the time
difference information (A). After that, the processing at and
after Step S123 1s performed continuously. Thus, the process-
ing of the upstream channel adaptive control 1s performed
continuously.

Processing of Multidisplay

Described next with reference to FIG. 22 to FIG. 24 1s the
processing of multidisplay. FIG. 22 to FIG. 24 are sequence
diagrams 1illustrating the processing of multidisplay 1llus-
trated 1n FIG. S.

Described here 1s an example of reproducing video (sound)
| XY Z] being reproduced on the communication terminal 3a
also on the communication terminals (5/1, 572, 5/3) 1n a
divided manner.

The browser 20 for displaying web content 1s represented
as a “browser 20a”, and the browser 20 for displaying a
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setting screen for a user 1s represented as a “browser 2056,
Described first 1s processing corresponding to Step S30 1n

F1G. 17.

First, the browser 20a of the distribution control system 2
renders the web content data [ XY Z] acquired from the web
server 8, thereby generating pieces of frame data as pieces of
still image (sound) data and outputs them to the transmission
FIFO 24 (Step S201). The convertor 10 encodes the pieces of
frame data stored in the transmission FIFO 24, thereby con-
verting them into video (sound) data [ XY Z] of a data format
capable of being transmitted to the communication terminal
Sa (Step S202).

The transmitter/receiver 31 transmits the video (sound)
data [ XY Z] after being converted by the convertor 10 to the
transmitter/recerver 51 of the communication terminal 3a
(Step S203). This causes the transmitter/receiver 51 of the
communication terminal 3a to recerve the video (sound) data
[ XYZ] and to output 1t to the reproduction controller 53.

In the communication terminal Sa, the decoding unit 50
acquires the video (sound) data [ XY Z] from the reproduction
controller 53 and decodes it (Step S204). After that, the

speaker 61 reproduces a sound based on decoded sound data
| XYZ], and the display unit 58 reproduces video based on
video data [XYZ] acquired from the decoding unit 50 and
rendered by the rendering unit 35 (Step S205).

A screen displayed on the display unit 58 1s switched to a
menu request screen (not 1llustrated) by the user of the com-
munication terminal 5a, and the operating unit 52 receives the
pressing of a “distribution destination selection menu” (not
illustrated) on the menu request screen (Step S206). This
causes the transmitter/receiver 31 to transmit a request for
switching to the distribution destination selection menu to the
transmitter/recerver 71a of the terminal management system
7 (Step S207). This causes the transmitter/receiver 71a of the
terminal management system 7 to receirve the request for
switching to the distribution destination selection menu. This
request mcludes the terminal ID of the communication ter-
minal 5a.

The transmitter/receiver 715 transmits a browser 205 star-
tup request to the transmitter/recerver 21 of the distribution

control system 2 (Step S208). This causes the transmitter/
receiver 21 of the distribution control system 2 to receive the
browser 206 startup request and to 1ssue the browser 205
startup request to the browser management unit 22.

The browser management unmit 22 starts up the browser 205
(Step S209). The generating/selecting unit 310 of the encoder
bridge unit 30 switches the output from the browser 20a to the
convertor 10 (e.g., the convertor 10a) to the output from the
browser 205 to the convertor 10 (e.g., the convertor 105) (Step
S5210). When the communication terminal Sa and another
communication terminal 5 (e.g., the communication terminal
5b) are recerving the video (sound) data at Step S203 with the
convertor 10 (e.g., the convertor 10a) shared, the generating/
selecting unit 310 of the encoder bridge unit 30 newly gen-
erates the convertor 10 (e.g., the convertor 105), because the
other communication terminal 5 (e.g., the communication
terminal 5b) 1s using the convertor 10 (e.g., the convertor 10a)
tor the browser 20a.

The transmitter/receiver 21 transmits a request for a distri-
bution destination selection menu to the transmitter/receiver
71b of the terminal management system 7 1n accordance with
an instruction by the browser 205 (Step S211). In this situa-
tion, the terminal ID of the communication terminal 5« 1s also
transmitted. This causes the transmitter/recerver 715 of the
terminal management system 7 to recerve the request for a
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distribution destination selection menu and to output the ter-
minal ID of the communication terminal 5a to the storage unit
7000

In response thereto, the storage unit 7000 of the terminal
management system 7 searches the available terminal man-
agement table 7020 based on the terminal ID, thereby extract-
ing the corresponding shared ID (Step S212). This shared 1D
indicates a communication terminal 5 available for the com-
munication terminal 5a to perform remote sharing process-
ing. As illustrated 1n FIG. 14, because the terminal ID of the
communication terminal 5a 1s “t001”, the shared IDs to be
extracted are “v003” and *“v006”.

The storage unit 7000 turther searches the terminal man-
agement table 7010 based on the extracted shared ID, thereby
extracting display name information indicating the corre-
sponding display name (Step S213). As illustrated 1n FI1G. 13,
display names corresponding to the extracted shared IDs
“v003” and “v006™ are “Tokyo head office 10F MFP” and
“Osaka exhibition hall 1F multidisplay”, respectively.

The transmitter/recerver 715 transmits distribution desti-
nation selection menu data [M] as content data to the trans-
mitter/recerver 21 of the distribution control system 2 (Step
S214). This causes the transmitter/recerver 21 of the distribu-
tion control system 2 to receive the distribution destination
selection menu data [M] and to output it to the browser 20b.
As 1llustrated 1n FIG. 12, this distribution destination selec-
tion menu data [M] includes check boxes, shared IDs, and
display names.

As 1llustrated 1n FIG. 23, the browser 206 renders the
content data indicating the distribution destination selection
menu data [ M] acquired from the terminal management sys-
tem 7, thereby generating pieces of frame data as pieces of
still image (sound) data and outputs them to the transmission
FIFO 24 (Step S221). The convertor 10 encodes the pieces of
image (sound) data [M] stored 1n the transmission FIFO 24,
thereby converting them 1nto video (sound) data [N] of a data
format capable of being transmitted to the communication
terminal 5a (Step S222).

The transmitter/receiver 31 transmits the video (sound)
data [N] after being converted by the convertor 10 to the
transmitter/recerver 51 of the communication terminal 3a
(Step S223). This causes the transmitter/recerver 51 of the
communication terminal Sa to recerve the video (sound) data
[M] and to output it to the reproduction controller 53.

In the commumnication terminal 5a, the decoding unit 50
acquires the video (sound) data [M] from the reproduction
controller 53 and decodes 1t (Step S224). Alter that, the dis-
play unit 58 reproduces video as illustrated in FI1G. 12 based
on the video data [ XY Z] acquired from the decoding unit 50
and rendered by the rendering unit 35 (Step S225).

In the distribution destination selection menu 1llustrated 1n
FIG. 12, when the check box of the shared ID “v006” 1s
checked and the “OK” button 1s pressed by the user, the
operating unit 52 recerves an operation input by the user (Step
S5226).

The transmitter/recerver 51 transmits a check result as
operation data to the transmitter/receiver 31 of the distribu-
tion control system 2 (Step S227). This causes the transmitter/
receiver 31 of the distribution control system 2 to receive the

check result as operation data and to output 1t to the browser
205.

The browser 206 selects the shared ID from the check
result (Step S228). The transmitter/recerver 21 transmits a
request for adding a distribution destination to the transmit-
ter/recerver 716 of the terminal management system 7 in
accordance with an instruction by the browser 206 (Step
S5229). This request for adding a distribution destination




US 9,294,533 B2

25

includes the shared ID selected at Step S227. This causes the
transmitter/receiver 715 of the terminal management system
7 to recerve the request for adding a distribution destination
and to output the shared ID to the storage unit 7000. The
browser 205 then ends its role to end (Step S230). This causes
the generating/selecting unit 310 of the encoder bridge unit
30 to return the output from the browser 205 to the convertor
10 to the output from the browser 20a to the convertor 10
(Step S231).

As 1llustrated 1 FIG. 24, 1n the storage unit 7000 of the
terminal management system 7, the terminal management
table 7010 1s searched based on the shared ID sent through
Step S229, thereby extracting the corresponding terminal 11D
and installation position information (Step S241). The trans-
mitter/recerver 71b transmits an mstruction to add a distribu-
tion destination to the transmitter/recerver 21 of the distribu-
tion control system 2 (Step S242). This instruction to add a
distribution destination includes the terminal ID and the
installation position information extracted at Step S241. This
causes the transmitter/receiver 21 of the distribution control
system 2 to receive the mstruction to add a distribution des-
tination and to output the instruction to add a distribution
destination to the browser management umt 22. Included here
are three sets of the terminal ID and the installation position
information, that is, the terminal ID and the installation posi-
tion information are “t006” and “left”, respectively, the ter-
minal ID and the installation position information are “t007”
and “middle”, respectively, and the terminal ID and the instal-
lation position information are “t008” and “right”, respec-
tively.

The generating/selecting unit 310 of the encoder bridge
unit 30 generates a convertor 10 for multidisplay (Step S243).
In this case, the generating/selecting unit 310 of the encoder
bridge unit 30 acquires the terminal ID and the mstallation
position information from the browser management unit 22.

The dividing unit 13 of the convertor 10 generated at Step
5243 divides the pieces of frame data [ XY Z] as pieces of still
image (sound) data stored in the transmission FIFO 24, and
the encoding unit 19 encodes the divided pieces of frame data
(Step S244).

The transmitter/recerver 31 transmits video (sound) data
| X] encoded by the encoder bridge unit 30 to the transmitter/
receiver 51 of the communication terminal 5/1 based on the
terminal ID (*“t006”") and the installation position information
(“left”) (Step S245-1). This causes the transmitter/receiver 51
of the communication terminal 5/1 to receive the video
(sound) data [ X] and to output 1t to the reproduction controller
53.

In the communication terminal 571, the decoding unit 50
acquires the video (sound) data [X] from the reproduction
controller 53 and decodes 1t (Step S246-1). After that, the
speaker 61 reproduces a sound based on decoded sound data,
and the display unit 38 reproduces video based on video data
| X] acquired from the decoding unit 50 and rendered by the
rendering unit 53 (Step S247-1).

Similarly, the transmitter/receiver 31 transmits video
(sound) data [ Y] encoded by the encoder bridge unit 30 to the
transmitter/receiver 51 of the communication terminal 5/2
based on the terminal ID (*“t007””) and the installation position
information (“middle”) (Step S245-2). This causes the trans-
mitter/recetver 51 of the communication terminal 5/2 to
receive the video (sound) data [Y] and to output 1t to the
reproduction controller 53.

In the communication terminal 572, the decoding unit 50
acquires the video (sound) data from the reproduction con-
troller 53 and decodes it (Step S246-2). After that, the speaker

61 reproduces a sound based on decoded sound data [ Y], and
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the display unmit 58 reproduces video based on video data [ Y]
acquired from the decoding umt 50 and rendered by the
rendering unit 535 (Step S247-2).

Further similarly, the transmitter/receiver 31 transmits
video (sound) data [Z] encoded by the encoder bridge unit 30

to the transmitter/receiver 51 ot the communication terminal
5/3 based on the terminal ID (*“t008") and the installation

position information (“right”) (Step S235-3). This causes the
transmitter/recerver 51 of the communication terminal 573 to
receive the video (sound) data [Z] and to output it to the
reproduction controller 53.

In the communication terminal 5/3, the decoding unit 50
acquires the video (sound) data [Z] from the reproduction
controller 33 and decodes 1t (Step S246-3). After that, the
speaker 61 reproduces a sound based on decoded sound data
|Z], and the display unit 58 reproduces video based on video
data [Z] acquired from the decoding unit 50 and rendered by
the rendering unit 55 (Step S247-3).

Channel Adaptive Control by Changing Parameter Sets

Described next in more detail with reference to FIG. 25 to
FIG. 27 1s the processing of the upstream channel adaptive
control. The present embodiment shows an example in which
the channel adaptive controller 27 changes one or more
parameters 1mntluencing reproduction quality when the com-
munication terminal 5 reproduces video (sound) data in
accordance with the quality (e.g., the length of the transmis-
sion delay time) of a communication channel of a communi-
cation network. Described below 1n particular 1s a case of
changing a parameter set in which a plurality of parameters
are combined. FIG. 25 15 a view 1illustrating an example of
parameters included 1n a parameter set.

The example of the parameter set 1n FIG. 25 includes five
parameters for changing reproduction delay time, target
frame rate, resolution (or color depth), and the number of
channels when the video (sound) data 1s video data. The
example includes five parameters for changing reproduction
delay time, target bit rate, sampling rate, quantization bit rate,
and the number of channels when the video (sound) data 1s
sound data. The channel adaptive controller 27 adjusts these
parameters within the range of the decoding capability of the
communication terminal 5 on the reception side.

When the video (sound) data 1s the video data, the channel
adaptive controller 27 changes the parameters as follows:
Namely, when the parameters include the bit rate of the video
data, the channel adaptive controller 27 reduces the bit rate as
the transmission delay time D 1s longer. When the parameters
include the frame rate of the video data, the channel adaptive
controller 27 reduces the frame rate as the transmission time
D 1s longer. When the parameters include the resolution of the
video data, the channel adaptive controller 27 reduces the
resolution as the transmission delay time D 1s longer. When
the parameters include the color depth of the video data, the
channel adaptive controller 27 reduces the color depth as the
transmission delay time D 1s longer. When the parameters
include the number of channels, the channel adaptive control-
ler 27 reduces the number of channels as the transmission
delay time D 1s longer.

When the video (sound) data 1s the sound data, the channel
adaptive controller 27 changes the parameters as follows:
Namely, when the parameters include the bit rate of the sound
data, the channel adaptive controller 27 reduces the bit rate as
the transmission delay time 1s longer. When the parameters
include the sampling rate of the sound data, the channel
adaptive controller 27 reduces the sampling rate as the trans-
mission delay time 1s longer. When the parameters include the
quantization bit rate of the sound data, the channel adaptive
controller 27 reduces the quantization bit rate as the transmis-
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sion delay time 1s longer. When the parameters include the
color depth of the sound data, the channel adaptive controller
2’7 reduces the color depth as the transmission delay time D 1s
longer. When the parameters include the number of channels,

the channel adaptive controller 27 reduces the number of >

channels as the transmission delay time D 1s longer.

When changing the parameters, the channel adaptive con-
troller 27 may change the parameters 1n accordance with
priority about, for example, which parameter 1s changed first.
For example, a parameter 1s changed first, even when chang-
ing the parameter reduces reproduction quality, 1t 1s generally
difficult for the user of the communication terminal 5 to
recognize a decrease 1 quality. An example of changing a
specific parameter 1s as follows: When sensory evaluation by
the user does not change generally even when the frame rate
1s changed between 30 ips and 15 ips, the frame rate i1s
changed within the range. Another example 1s as follows:
When the video (sound) data includes both video data and
sound data, parameters relating to the video are changed first
prior to parameters relating to the sound, because a decrease
in the quality of the video 1s generally easy to be recognized.
Still another example 1s as follows: When the video (sound)
data includes both video data and sound data, when 1t 1s
unable to transmit to the communication terminal 5 on the
reception side with appropriate quality even when the quality
of the video (sound) data 1s reduced, parameters are changed
so that the distribution of the video data 1s stopped and that
only the distribution of the sound data 1s performed.

The channel adaptive controller 27 may change the param-
eters 1n accordance with the selection of the user. In other
words, the channel adaptive controller 27 may not uniformly
determine parameters for decreasing the reproduction quality
of the video (sound) data. For example, when the frame rate 1s
changed between 15 Ips and 1 1ps, the user of the communi-
cation terminal 5 on the reception side 1s likely to recognize a
decrease 1n the reproduction quality of the video (sound) data.
In such a case, the user 1s allowed to select a parameter that 1s
preferentially adjusted about whether the frame rate should
be reduced or another parameter should be reduced. This 1s
because some users think that reducing the frame rate pre-
sents no problem when the video (sound) data 1s content with
less motion and others desire to maintain the frame rate even
with the target bit rate reduced when output information 1s
content with rapid motion.

Described next 1s an example of a determination method
when the channel adaptive controller 27 determines to change
the parameter set. When the quality of the commumnication
channel 1s an approximate value of a quality determination
threshold, when the parameter set used 1s switched frequently
in accordance with slight fluctuations of the quality of the
communication channel, smooth reproduction 1s unable 1n
the communication terminal 5 on the reception side. In view
of this, by having different criteria when increasing and
decreasing the quality of the parameter set, frequent switch-
ing 1s avoided.

FIG. 26 1s a view for 1illustrating an example of criteria
when changing the quality of parameter sets. The example in
FIG. 26 includes four parameter sets from a high-quality
parameter set A that maximizes the quality of the video
(sound) data to a low-quality parameter set D that minimizes
the quality of the video (sound) data. In the example 1n FIG.
26, thresholds when decreasing the quality of the parameter
set are set to be smaller than thresholds when increasing the
quality of the parameter set. This causes the channel adaptive
controller 27 to prevent the switching of the parameter sets
from occurring frequently.
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FIG. 27 1s a view for illustrating changes of parameter sets
when the critenia in FIG. 26 are applied. With the parameter
set C used currently, when a case 1n which the quality of the
communication channel 1s 1.5 Mbps continues for a certain
time period, the channel adaptive controller 27 changes the
parameter set to the parameter set B. After that, even when the
quality of the communication channel becomes less than 1.5
Mbps, the channel adaptive controller 27 maintains the
parameter set to be the parameter set B, because the threshold
when decreasing 1s 1.0 Mbps or more. When a case 1n which
the quality of the communication channel 1s less than 1.0
Mbps for a certain time period, the channel adaptive control-
ler 27 changes the parameter set to the parameter set C. Thus,
the criteria when increasing and decreasing the quality of the
parameter set are different; as a result, the state before change
1s not easily restored by fluctuations 1n the quality of the
communication channel immediately after the parameter set
1s changed. Determined appropriately 1s processing for a case
in which the quality of the communication channel 1s dete-
riorated to such an extent that appropriate reproduction 1s
unable even when the quality of the parameter 1s minimized.
Examples of the processing for such a case include discon-
necting a session and maintaiming a session until the quality of
the communication channel 1s recovered.

As described above with reference to the specific example,
in the distribution system 1 according to the present embodi-
ment, the distribution control system 2 includes the browser
20 that performs rendering and the encoder bridge unit 30 that
performs encoding and the like on the cloud. This causes the
browser 20 to perform pieces of frame data as pieces of still
image (sound) data based on content data described 1n a
certain description language and the encoder bridge unit 30 to
convert the pieces of frame data into video (sound) data
capable of being transmitted through the communication net-
work 9. After that, the distribution control system 2 distrib-
utes the video (sound) data to the communication terminal 3.
As a result, web content can be smoothly reproduced on the
communication terminal 5 side without updating 1ts own
browser and spending trouble and costs for upgrading the
specifications of a CPU, an OS, a RAM, and the like. This
climinates the problem in which enrichment of content
increases a load on the communication terminal 3.

In particular, the browser 20 enables real-time communi-
cation, and the convertor 10 performs real-time encoding on
the frame data generated by the browser 20. Consequently,
unlike a case 1n which a PVC player selects and distributes
non real-time (that 1s, pre-encoded) video (sound) data as
seen 1n, for example, on-demand distribution of video (sound)
data, the distribution control system 2 renders content
acquired immediately before being distributed, thereby gen-
erating pieces of frame data and then encoding it, thus allow-
ing distribution of real-time video (sound) data.

The distribution control system 2 changes the parameters
of the reproduction quality of the video (sound) data to be
distributed to the communication terminal 5 based on the
transmission delay time information received from the com-
munication terminal 5, thereby producing the etfect of repro-
ducing data on the communication terminal § as smoothly as
possible even when the enrichment of content progresses or a
communication channel such as the Internet becomes con-
gested.

Supplementary Description

The distribution system 1 according to the present embodi-
ment includes the terminal management system 7 and the
distribution control system 2 as separate systems. For
example, the terminal management system 7 and the distri-
bution control system 2 may be constructed as an integral
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system by, for example, causing the distribution control sys-
tem 2 to have the functions of the terminal management
system 7.

The distribution control system 2 and the terminal man-
agement system 7 according to the above embodiment may be
constructed by a single computer or may be constructed by a
plurality of computers 1n which respective parts (functions,
means, or storage units) are divided and assigned arbitrarily.

A storage medium such as a CD-ROM and an HDD storing
the programs of the above embodiment can be provided
domestically or abroad.

According to the embodiments, based on transmission
delay time received from a communication terminal, a distri-
bution control system changes parameters of the reproduction
quality of data to be distributed to the communication termi-
nal, thereby producing the etiect of reproducing data on the
communication terminal as smoothly as possible even when
the enrichment of content progresses or a communication
channel such as the Internet becomes congested.

Although the mnvention has been described with respect to
specific embodiments for a complete and clear disclosure, the
appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled 1n the art that
tairly fall within the basic teaching herein set forth.

What 1s claimed 1s:
1. A distribution control system for distributing data to a
communication terminal through a communication network,
the distribution control system comprising:
a recerver configured to receive, from the communication
terminal, transmission delay time information indicat-
ing transmission delay time from when the data 1s dis-
tributed by the distribution control system to when the
data 1s received by the commumnication terminal; and
a changing unit configured to change, based on the trans-
mission delay time information received by the recerver,
a parameter of reproduction quality when the data 1s
reproduced by the communication terminal,
wherein the data includes at least one of video content or
audio data,
wherein the changing unit 1s configured such that when the
data includes the video content,
the parameter includes at least one of a bit rate, a frame
rate, a resolution, a color depth, or a number of chan-
nels of the video content,

the changing unit 1s configured to reduce the bit rate as
the transmission delay time 1s longer when the param-
eter includes the bit rate of the video content,

the changing unit 1s configured to reduce the frame rate
as the transmission delay time 1s longer when the
parameter includes the frame rate of the video con-
tent,

the changing unit 1s configured to reduce the resolution
as the transmission delay time i1s longer when the
parameter includes the resolution of the video con-
tent,

the changing unit 1s configured to reduce the color depth
as the transmission delay time i1s longer when the
parameter includes the color depth of the video con-
tent, and

the changing unit 1s configured to reduce the number of
channels as the transmission delay time 1s longer
when the parameter includes the number of channels
of the video content, and

wherein the changing unit is configured such that when the
data includes the sound content,
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the parameter includes at least one of a bit rate, a sam-
pling rate, a quantization bit rate, or a number of
channels of the sound content,

the changing unit 1s configured to reduce the bit rate as
the transmission delay time 1s longer when the param-
eter includes the bit rate of the sound content,

the changing umit 1s configured to reduce the sampling
rate as the transmission delay time 1s longer when the
parameter imncludes the sampling rate of the sound
content,

the changing unit 1s configured to reduce the quantiza-
tion bit rate as the transmission delay time 1s longer
when the parameter includes the quantization bit rate
of the sound content, and

the changing unit 1s configured to reduce the number of
channels as the transmission delay time 1s longer
when the parameter includes the number of channels
of the sound content.

2. The distribution control system according to claim 1,
wherein the parameter includes reproduction delay time for
delaying reproduction of the first data on the communication
terminal.

3. The distribution control system according to claim 2,
turther comprising a transmitter configured to transmit repro-
duction delay time information indicating the reproduction
delay time to the communication terminal.

4. The distribution control system according to claim 2,
wherein the changing unit 1s configured to make the repro-
duction delay time longer as the transmaission delay time 1s
longer.

5. The distribution control system according to claim 1,
wherein the changing unit 1s configured to change the param-
cter so that a threshold of the parameter for decreasing the
reproduction quality 1s set to be smaller than a threshold of the
parameter for increasing the reproduction quality.

6. The distribution control system according to claim 1,
wherein the changing unit 1s configured to change a param-
cter set 1n which a plurality of parameters are combined 1n
accordance with a length of the transmission delay time.

7. The distribution control system according to claim 6,
wherein the parameter set 1s a combination of a first parameter
and a second parameter,

the changing unit 1s configured to change the second

parameter so that the first parameter does not exceed a
threshold when changing the first parameter to decrease
the reproduction quality.

8. A distribution control method executed by a distribution
control system for distributing data to a communication ter-
minal through a communication network, the distribution
control method comprising:

receving, from the communication terminal, transmission

delay time information indicating transmission delay
time from when the data 1s distributed by the distribution
control system to when the data 1s received by the com-
munication terminal; and

changing, based on the transmission delay time informa-

tion recerved at the recerving, a parameter of reproduc-
tion quality when the data 1s reproduced by the commu-
nication terminal,

wherein the data includes at least one of video content or

sound content,

wherein, when the data includes the video content,

the parameter includes at least one of a bit rate, a frame
rate, a resolution, a color depth, or a number of chan-
nels of the video content,
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the changing unit 1s configured to reduce the bit rate as
the transmission delay time 1s longer when the param-
eter includes the bit rate of the video content,

the changing unit 1s configured to reduce the frame rate
as the transmission delay time i1s longer when the
parameter includes the frame rate of the video con-
tent,

the changing unit 1s configured to reduce the resolution
as the transmission delay time i1s longer when the
parameter includes the resolution of the video con-
tent,

the changing unit 1s configured to reduce the color depth
as the transmission delay time i1s longer when the
parameter includes the color depth of the video con-
tent, and

the changing unit 1s configured to reduce the number of
channels as the transmission delay time 1s longer
when the parameter includes the number of channels
of the video content, and

wherein, when the first data includes the sound content,

the parameter includes at least one of a bit rate, a sam-
pling rate, a quantization bit rate, or a number of
channels of the sound content,

the changing unit 1s configured to reduce the bit rate as
the transmission delay time 1s longer when the param-
eter 1ncludes the bit rate of the sound content,

the changing unit 1s configured to reduce the sampling
rate as the transmission delay time 1s longer when the
parameter includes the sampling rate of the sound
content,

the changing unit 1s configured to reduce the quantiza-
tion bit rate as the transmission delay time 1s longer
when the parameter includes the quantization bit rate
of the sound content, and

the changing unit 1s configured to reduce the number of
channels as the transmission delay time 1s longer
when the parameter includes the number of channels
ol the sound content.

9. A non-transitory computer-readable storage medium

with an executable program stored thereon and executed by a
computer, wherein the program instructs the computer to
perform the distribution control method according to claim 8.

10. A distribution control system for distributing first data

to a communication terminal through a communication net-
work, the distribution control system comprising:

a recetver configured to receive, from the communication
terminal, time from when the data 1s distributed by the
distribution control system to when the data 1s received
by the communication terminal; and
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a changing unit configured to change, based on the time
received by the recerver and a size of the data, operation
of a convertor configured to convert the data into data to
be distributed,
wherein the data includes at least one of video content or
sound content,
wherein the changing unit 1s configured such that when the
data includes the video content,
the parameter includes at least one of a bit rate, a frame
rate, a resolution, a color depth, or a number of chan-
nels of the video content,

the changing unit 1s configured to reduce the bit rate as
the transmission delay time 1s longer when the param-
eter includes the bit rate of the video content,

the changing unit 1s configured to reduce the frame rate
as the transmission delay time 1s longer when the
parameter includes the frame rate of the video con-
tent,

the changing unit 1s configured to reduce the resolution
as the transmission delay time i1s longer when the
parameter includes the resolution of the video con-
tent,

the changing unit 1s configured to reduce the color depth
as the transmission delay time 1s longer when the
parameter includes the color depth of the video con-
tent, and

the changing unit 1s configured to reduce the number of
channels as the transmission delay time 1s longer
when the parameter includes the number of channels
of the video content, and
wherein the changing unit 1s configured such that when the
data includes the sound content,
the parameter includes at least one of a bit rate, a sam-
pling rate, a quantization bit rate, or a number of
channels of the sound content,

the changing unit 1s configured to reduce the bit rate as
the transmission delay time 1s longer when the param-
eter includes the bit rate of the sound content,

the changing unit 1s configured to reduce the sampling
rate as the transmission delay time 1s longer when the
parameter includes the sampling rate of the sound
content,

the changing unit 1s configured to reduce the quantiza-
tion bit rate as the transmission delay time 1s longer
when the parameter includes the quantization bit rate
of the sound content, and

the changing unit 1s configured to reduce the number of
channels as the transmission delay time 1s longer
when the parameter includes the number of channels
of the sound content.
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